I. INTRODUCTION
Our knowledge on deep inside of matter has been essentially provided by means of leptonhadron collisions. For example, electron scattering on atomic nuclei reveals structure of nucleons in Hofstadter experiment [1] . Moreover, quark parton model was originated from lepton hadron-collisions [2] . Extending the kinematic region by two orders of magnitude both in high Q 2 and small x, HERA with √ s = 0.32 TeV has shown its superiority compared to the fixed target experiments and provided parton distribution functions (PDF) for LHC experiments. Unfortunately, the region of sufficiently small x (< 10 −6 ) and high Q 2 (≥ 10 GeV 2 ), where saturation of parton densities should manifest itself, has not been reached yet. Hopefully, LHeC [3] √ s = 1.3 TeV will give opportunity to investigate this region.
Construction of linear e + e − colliders (or special linacs) and muon colliders tangential to the future circular collider (FCC) as shown in Fig. 1 will give opportunity to achieve multi-TeV center of mass energy in lepton-hadron collisions [4] . Table I. The FCC also includes an electron-positron collider option at the same tunnel (TLEP) [6] , as well as several ep collider options [7] . Energy recovery linac (ERL) with E e = 60 GeV is chosen as the main option for LHeC.
Same ERL can also be used for FCC based ep collider [7] . Concerning e-ring in the FCC tunnel [7] energy of electrons is limited (E e < 200 GeV ) due to large synchrotron radiation.
Higher electron energies can be handled only by constructing linear colliders tangential to the FCC. For the first time this approach was proposed for UNK VLEPP based ep colliders [8] . Then, construction of TESLA tangential to HERA was considered [9] . This line was followed by consideration of the LC LHC ep collider proposals (see reviews [10, 11] and references therein).
In this paper, we consider main parameters of the LC FCC based ep colliders. In numerical calculations, we use parameters of ILC (International Linear Collider) [12] and PWFA-LC (Plasma Wake Field Accelerator -Linear Collider) [13] . In Section 2 we estimate L ep taking into account beam-beam tune shift and disruption effects. Finally, recommendations and conclusions are presented in Section 3.
II. LC FCC BASED ep COLLIDERS
General expression for luminosity of LC FCC based ep colliders is given by:
where N e and N p are numbers of electrons and protons per bunch, respectively; σ xp (σ xe ) and σ yp (σ ye ) are the horizontal and vertical proton (electron) beam sizes at IP; 
where r p is classical radius of proton, β * p is beta function of proton beam at interaction point (IP), γ p is the Lorentz factor of proton beam. σ xe and σ ye are horizontal and vertical sizes of electron beam at IP, respectively. Disruption parameter for electron beam is given by:
where r e is classical radius of electron, γ e is the Lorentz factor of electron beam, σ xp and Table 3 . In addition in Table 4 , disruption parameter is fixed at the limit value of D e = 25 and corresponding N p and L ep values are given. 
B. PWFA-LC FCC
Beam driven plasma wake field technology made a great progress for linear accelerators recently. This method enables an electron beam to obtain high gradients of energy even only propagating through small distances compared to the radio frequency resonance based accelerators [13] . In other words, more compact linear accelerators can be built utilizing PWFA to obtain a specified beam energy. In Table V , main electron beam parameters of PWFA-LC accelerator are listed [13] . As in ILC FCC case, transverse beam size of proton is greater than all PWFA e-beam options. Same upgrade for the proton beam is handled
and final values of luminosity, disruption and beam-beam parameters are given in Table VI for both nominal and upgraded FCC proton beam cases. In Table VII , disruption parameter is fixed at the limit value of D e = 25 and corresponding ep collider parameters are given. Norm. Horizontal Emittance (m) 1.00 × 10 −5 1.00 × 10 −5 1.00 × 10 −5 1.00 × 10 −5 1.00 × 10 −5
Norm. Vertical Emittance (m) 3.50 × 10 −8 3.50 × 10 −8 3.50 × 10 −8 3.50 × 10 −8 3.50 × 10 −8
Horizontal β* function at IP (m) 11 × 10 −3 11 × 10 −3 11 × 10 −3 11 × 10 −3 11 × 10 −3
Veritcal β* function at IP (m) 9.9 × 10 −5 9.9 × 10 −5 9.9 × 10 −5 9.9 × 10 −5 9. give an opportunity to increase luminosity by an additional one or two orders, resulting in L ep exceeding 10 34 cm −2 s −1 . Unfortunately, this scheme can not be applied at PWFA-LC FCC.
Acceleration of ion beams at the FCC [15] will give opportunity to provide multi-TeV center of mass energy in electron-nucleus collisions. In addition, electron beam can be converted to high energy photon beam using Compton back-scattering of laser photons (see [17] and references therein) which will give opportunity to construct LC FCC based γp and γA colliders (see [18] and references therein).
In conclusion, construction of ILC and PWFA-LC tangential to the FCC will essentially enlarge the physics search potential for both SM and BSM phenomena. Therefore, systematic study of accelerator and detector, as well as physics search potential, issues of LC FCC based lepton-hadron and photon-hadron colliders are essential to foreseen the future of high energy physics.
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